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 ,W DOVR SHUPLWV GHWHUPLQDWLRQ RI HDVH RU GLIILFXOW\ RI UHDFKLQJ D GHVWLQDWLRQ YLD DYDLODEOH
LQIUDVWUXFWXUH DQG PHDQV RI WUDQVSRUW *HXUV DQG 5LWVHPD YDQ (FN  ,Q JHQHUDO DFFHVVLELOLW\ LV
FRQVLGHUHG DQ LPSRUWDQW FRPSHWLYHQHVV IDFWRU %LHKO  JLYHQ WKDW PRUH DFFHVVLEOH FRPPXQLWLHV
DWWDLQHGJUHDWHUHFRQRPLFVXFFHVVRYHUWLPH
7KHDFFHVVLELOLW\DQDO\VLVSOD\VDQLQFUHDVLQJO\VWURQJHUUROHLQWKHYDOXDWLRQRILQIUDVWUXFWXUHVWUDWHJLHV
DQG SURMHFWV WDNLQJ LQWR FRQVLGHUDWLRQ WKDW LPSURYHG RI DFFHVVLELOLW\ DUH RIWHQ RQH RI WKH IDFWRUV
FRQWHPSODWHGLQVXFKDQHYDOXDWLRQ*XWLHUUH]HWDO/LNHZLVHWKHUHDUHDFFHVVLELOLW\DQDO\VHVWKDW
SHUPLW FRQVLGHUDWLRQ RI FULWHULD DPRQJ RWKHU IDFWRUV UHODWHG WR HFRQRPLF GHYHORSPHQW 5LHWYHOG DQG
1LMNDPS9LFNHUPDQHWDO0DF.LQQRQHWDOGHPRJUDSK\ .RWDYDDUDHW DO
DQGVRFLDOFRKHVLRQ6FKUPDQHWDO/ySH]HWDO
,WLVSRVVLEOHWRHVWDEOLVKWKDWDFFHVVLELOLW\LVFORVHO\UHODWHGWRWKHYDULDEOHGLVWDQFHZKLFKEHFRPHVD
IXQFWLRQ GHSHQGHQW RQ WKH SUR[LPLW\ EHWZHHQ DQ DUHD DQG UHJLRQ¶V JHRJUDSKLFDO SRLQWV+RZHYHU LW LV
UHDVRQDEOHWRVD\WKDWJLYHQWKHFXUUHQWWHFKQRORJLFDOGHYHORSPHQWVDFFHVVLELOLW\GHSHQGVOHVVDQGOHVVRQ
DFWXDO GLVWDQFH WR DFWLYLW\ FHQWHUV DQG UHOLHV LQFUHDVLQJO\ RQ WKH GLVWDQFHV WR WUDQVSRUW LQIUDVWUXFWXUHV
*XWLHUUH]DQGRQKRZVXFKLQIUDVWUXFWXUHVVKRUWHQFRQQHFWLRQLQWHUYDOVLQZKLFKFDVHVWKHYDULRXV
PRGHVRIWUDQVSRUWSOD\DIXQGDPHQWDOUROHLQWKHDQDO\VLV
7KH0DQL]DOHV WUDQVSRUW LQIUDVWUXFWXUH ZDV XSGDWHG IRU WKLV SDSHU DQG ILHOG ZRUN DQG RIILFH DFWLYLWLHV
VXSSRUWHGE\DHULDOSKRWRJUDSKVRIGLIIHUHQWDUHDVRIWKHFLW\LQRUGHUWRYDOLGDWHLQIRUPDWLRQHQWHUHGLQ
WKH *,6 7KH GDWD ZDV WDNHQ IURP WKH RSHUDWLRQDO VSHHG RI GLIIHUHQW WUDQVSRUW PRGHV FDU WD[L
PRWRUF\FOHWUXFNDQG837
0RUH WKDQ  PLOOLRQ RSHUDWLQJ VSHHGV UHDGLQJV ZHUH REWDLQHG DQG XVHG WR GHILQH WKH RSHUDWLRQDO
FKDUDFWHULVWLFV RI WKH QHWZRUN 2SHUDWLRQDO VSHHGV ZHUH FDOFXODWHG WKURXJKPRQLWRULQJ DFWXDO GDWD DQG
VKRZWKHUHDORSHUDWLRQDOFKDUDFWHULVWLFVRIWKHDUFVWKDWPDNHXSWKHQHWZRUNZKLFKVWDQGVRXWEHFDXVH
DFFHVVLELOLW\DQDO\VLVXVXDOO\DVVXPHVRSHUDWLRQDOVSHHGVGHSHQGHQWRQWKHURXWHFDWHJRU\%XUQV
+RZHYHUUHFHQWDFFHVVLELOLW\UHVHDUFKHVH[LVWEDVHGRQDFWXDOYHKLFOHVSHHGV/LHWDO
$QLPSRUWDQWDGYDQWDJHLQWKHXVHRI*,6LVWKDWLWIDFLOLWDWHVXQGHUVWDQGLQJRIQHWZRUNVSHUIRUPDQFH
*XWLHUUH] HW DO  DQDO\]HG WKURXJK DOJRULWKPV HJ PLQLPXP SDWKV WKDW SURYLGH LQYHVWLJDWLYH
VLPXODWLRQ 7KH *,6 KDV WKH DELOLW\ WR VWRUH ODUJH DPRXQWV RI VRFLRHFRQRPLF DQG GHPRJUDSKLF
LQIRUPDWLRQ DV ZHOO DV LQIRUPDWLRQ DERXW WKH QHWZRUN¶V RSHUDWLRQDO FKDUDFWHULVWLFV 7KLV DOORZV IRU
UHODWLRQ EHWZHHQ GLIIHUHQW OHYHOV RI LQIRUPDWLRQ OHDGLQJ WR PRUH GHWDLOHG NQRZOHGJH RI DFFHVVLELOLW\
IHDWXUHVSUHVHQWHGE\WKHYDULRXVPRGHVRIWUDQVSRUW
)URPWKHVRFLDOSHUVSHFWLYHLWLVLPSRUWDQWWKDWSHRSOHKDYHDFFHVVWRW\SLFDOVRFLDODFWLYLWLHVLWEHLQJ
XQGHUVWRRG WKDW JUHDWHU VRFLDO LQFOXVLRQ  UHTXLUHV H[FHOOHQW DFFHVVLELOLW\ ZKLFK UHTXLUHV SURYLVLRQ RI
DGHTXDWHPHDQVRIPRELOLW\WKURXJKVXLWDEOHWUDQVSRUWV\VWHPV)DUULQJWRQDQG)DUULQJWRQ
7KLV UHVHDUFK GHWHUPLQHV WKDW LPEDODQFH H[LVWV ZLWK UHVSHFW DFFHVVLELOLW\ RIIHUHG WKURXJK GLIIHUHQW
PRGHVRIWUDQVSRUW)RUH[DPSOH837ZKLFKRIIHUVWKHPRUHQXPEHURIXUEDQWULSVSHUGD\RIWKH
WRWDO SURYLGHV DSSDOOLQJ DFFHVVLELOLW\ FRQGLWLRQV :KLOH ZLWK WKH VPDOOHVW WD[L PRGH RI PRELOLW\
SHUFHQWDJHRIGDLO\XUEDQWUDYHOSURYLGHVWKHEHVWDFFHVVLELOLW\FRQGLWLRQV,WLVREYLRXVWKDWQRWDOO
SHRSOH FDQ DIIRUG WKH FRVW RI WD[L VHUYLFH RU SULYDWH FDUV 7KLV VLWXDWLRQ SRLQWV RXW WKH H[LVWLQJ VRFLDO
LPEDODQFHWKDWSHUVRQVZLWKOLPLWHGILQDQFLDOUHVRXUFHVKDYHDQGWKDWOLPLWVWKHLUSRVVLELOLWLHVRIPRELOLW\
$IWHU WKH LQWURGXFWLRQ LQ VHFWLRQ  WKHPHWKRGRORJ\ IRU FDOFXODWLRQV RI DFFHVVLELOLW\ LV LQWURGXFHG
GHVFULELQJWKHFUHDWLRQRIWKHHPSOR\HGGDWDEDVH6HFWLRQVKRZVWKHPDLQUHVXOWVDQGILQDOO\VHFWLRQ
GHDOVZLWKWKHPDLQFRQFOXVLRQVREWDLQHG



1387 Diego Escobar and Francisco Garcia /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1385 – 1394 
0HWKRGRORJ\
7KHUHVHDUFKPHWKRGRORJ\UHIHUUHGWRLQWKHLQYHVWLJDWLRQFRPSULVHV IRXUVWDJHV7KHILUVWGHDOVZLWK
SUHSDUDWLRQ RI FRPSOHWH ZKROH WUDQVSRUW LQIUDVWUXFWXUH QHWZRUN ZKLFK LQ WXUQ LQFRUSRUDWHV VHYHUDO VXE
VWDJHVOLNHUHTXLVLWLRQRIGDWDFRQFHUQLQJWKHJHRUHIHUHQFHGQHWZRUNXSGDWLQJDQGWKHGHWHUPLQDWLRQRI
LWVRSHUDWLRQDOFKDUDFWHULVWLFV WKHVHFRQGUHODWHV WRFDOFXODWLRQVRI DUFVDYHUDJHRSHUDWLRQDOVSHHGV WKH
WKLUG LV UHODWHG WRDYHUDJH*OREDODFFHVVLELOLW\FDOFXODWLRQV SURYLGHGE\ WKH LQIUDVWUXFWXUH¶VQHWZRUN  LQ
WKHGLIIHUHQWPRGHVRI WUDQVSRUWVWXGLHGDQG WKHIRXUWKVWDJHFRQFHUQVFDOFXODWLRQRI WKHSHUFHQWDJHVRI
DUHDV SRSXODWLRQ DQG QXPEHU RI KRPHV FRYHUHG E\ WKH DYHUDJH WUDYHO WLPH FXUYHV VWHPPLQJ IURP
DFFHVVLELOLW\DQDO\VHV
8SGDWLQJDQGYDOLGDWLRQRIWKHWUDQVSRUWLQIUDVWUXFWXUHQHWZRUN
*36GHYLFHVZHUHLQVWDOOHGLQGLIIHUHQWW\SHVRIYHKLFOHVFDUWD[LPRWRUF\FOHWUXFNDQG837VRDV
WRVWRUHGDWDIURPSRVLWLRQLQJVDWHOOLWHVDFFRUGLQJWRDSUHGHWHUPLQHGRQHVHFRQGWLPHLQWHUYDO%DVHGRQ
WKH W\SH RI YHKLFOH LQ ZKLFK WKH *36 ZDV LQVWDOOHG D VHTXHQWLDO QXPEHU IRU HDFK GDWD LWHP ZLWK LWV
UHVSHFWLYHORFDWLRQORQJLWXGHDQGODWLWXGHJHRUHIHUHQFHGDQGWKHKRXUPLQXWHVVHFRQGVDQGWHQWKVRID
VHFRQGZDVREWDLQHG7KHDFFXUDF\RIWKH*36HTXLSPHQWZDVDIIHFWHGE\WKHWHFKQRORJ\DQGQXPEHURI
VDWHOOLWHVDYDLODEOHLQRXUFDVHRIPHWHUV
7KHLQIUDVWUXFWXUHQHWZRUNLVPDGHXSRIQRGHVDQGDUFDJJUHJDWHVSDWKVHJPHQWVZKLFKDUHVSDWLDOO\
ORFDWHG1HWZRUN$QDO\VLVFRQVLVWVRIPRUHWKDQDUFVDQGRYHUQRGHV%HFDXVHRIWKHKLJK
QXPEHURIYDULDEOHVLWZDVQRUPDOWRILQGLQFRQVLVWHQFLHVUHODWHGWRWKHLQIRUPDWLRQEDVHHJHUURQHRXV
VWUHHWFODVVLILFDWLRQIORZSDWKVODFNRIDUFKHVHUURUVLQWKHFRQQHFWLRQVZLWKLQWKHQHWZRUNGXSOLFDWHDUFV
HWF
)LJXUHVKRZVWKHRYHUODSRIVRPH*36GDWDRQWZRVHFWLRQVRIWKHURDGQHWZRUN,WGLVFORVHVYHKLFOH
URXWHVHTXHQFHHQVXULQJWKDWWKHDUFZLOOQRWEHGLVSODFHGZLWKUHVSHFWWRWKHGDWDRIWHQGXHWRLQFRUUHFW
URXWHGDWDLQWKHVWXG\JUDSKSRVVLEO\GXHWRUHWLFXODUIODWSORWWLQJLQIRUPDWLRQ

  
)LJD6XSHUSRVLWLRQRIWKHGDWDIURP*36GDWDELQFRQVLVWHQF\ZLWKUHVSHFWWRWKHGLVSODFHPHQWRIWKHQHWZRUN
7KHSURFHVVRIYDOLGDWLQJWKHLQIRUPDWLRQFRQVLVWHGRIYHULI\LQJWKHGDWDEDVHVWUXFWXUHWKHFRRUGLQDWH
V\VWHPWKHWLPHEHWZHHQGDWDDQGLQIRUPDWLRQWKHGDWDVWUHDPWKHIRUPDWRIWKHILOHVDQGWKHH[SHFWHG
DFFXUDF\HWF7KHLGHQWLILFDWLRQRIWKHVHTXHQFHRIGDWDEDVHGRQWKHIRUHJRLQJYDULDEOHVIRUDVSHFLILFRI
WULS LV D SDUWLFXODUO\ FRPSOH[ SURFHVV JLYHQ WKDW VRPHWLPHV HTXLSPHQW WHPSRUDULO\ ORVHV WKH VLJQDO RU
UHFHLYHVLQFRQVLVWHQWLQIRUPDWLRQ
,Q WKLV VHQVH WKH XVH RI FRQWURO DOJRULWKPV LV SDUWLFXODUO\ KHOSIXO IRU GHWHFWLQJ LQFRQVLVWHQFLHV LQ
ORJLFDOO\GHILQHGFULWHULDHJYDOXDEOHVHTXHQFHVRINQRZQQRGHVDQGWRSVSHHGV+DYLQJXVHGWKHPRVW
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FXUUHQWWUDQVSRUWLQIUDVWUXFWXUHQHWZRUNLQIRUPDWLRQ\HDUDQGRYHUODSSLQJWKHURXWHVUHJLVWHUHGE\
WKH*36HTXLSPHQWVRPHHOHPHQWVZHUHIRXQGWKDWUHTXLUHGDHULDOSKRWRJUDSK\RURQVSRWYDOLGDWLRQ
3URMHFWLRQVRI2SHUDWLRQDO6SHHGV
7KHSURFHVVLQJRIDOO WKH LQIRUPDWLRQ UHTXLUHG WKHDSSOLFDWLRQRIGLIIHUHQWHVWLPDWHVDFFRUGLQJ WR WKH
GHYHORSPHQW RI WKH SURMHFW SXWWLQJ VSHFLDO HPSKDVLV RQ WKH RSHUDWLRQDO VSHHG DQDO\VLV EHFDXVH WKDW
YDULDEOHGHWHUPLQHVWKHRYHUDOOSHUIRUPDQFHRIWKHQHWZRUNDQGEHFRPHVDNH\HOHPHQWIRUDFFHVVLELOLW\
IRUHFDVWV*HXUVDQG5LWVHPDYDQ(FN
7KH RSHUDWLQJ VSHHG IRU HDFK JUDSK ZDV GHWHUPLQHG RQ WKH EDVLV RI WKH WLPH GDWD REWDLQHG RQ DQ
RQJRLQJEDVLVE\WKH*36HTXLSPHQW7KUHHSDUDPHWHUVZHUHDQDO\]HG
7KHRSHUDWLQJVSHHGSHUWLPHLQWHUYDOEHWZHHQWZRSRLQWV(F7KLVSDUDPHWHULVXVHIXOWRHVWDEOLVK
YDULDWLRQVRIVSHHGLQDVSHFLILFJUDSKDQGWRGHWHUPLQHWKHQXPEHURIVWRSV]HUROLNHYDOXHVDUHREWDLQHG
DOVR UHIHUUHG WR DV WKH LQVWDQWDQHRXV YHKLFOH VSHHG:KHUH9L   VSHHG LQ.PK[ \   FRRUGLQDWHV RI
SRLQWLQPHWHUV[\ FRRUGLQDWHVRISRLQWLQPHWHUVW WLPHLQWHUYDOLQVHFRQGVEHWZHHQSRLQWV
DQG




  [[\\WYL   

(F7KHDYHUDJHWULSRSHUDWLQJRQWKHLWKHJUDSK7KLVVSHHGZDVREWDLQHGEDVHGRQWKHUHODWLRQVKLS
EHWZHHQ WKH DUF OHQJWK DQG WKH SLWFK GLIIHUHQFH EHWZHHQ WKH LQLWLDO QRGH DQG ILQDO QRGH :KHUH9LD  
VSHHGLLQWKHDUFDNPKOD DUFDOHQJWKLQPHWHUVW SLWFKWLPHLQWKHLQLWLDOQRGHW SLWFKWLPHLQ
WKHILQDOQRGH


 WW
OY DDL     

(F7KHDYHUDJHWHPSRUDORSHUDWLRQDOVSHHGLQWKHJUDSKIRUDSHULRGRIWLPH7KLVVSHHGZDVXVHG
WRHVWDEOLVKQHWZRUNUHVLVWDQFHDQGZDVXVHGDVLQSXWWRGHYHORSWKHIRUHFDVWLQJPRGHOIRUWKHDYHUDJHWULS
WLPH:KHUH9D DYHUDJHVSHHGRIRSHUDWLRQRIWKHDUFKQ QXPEHURIVSHHGGDWDUHJLVWHUHGLQWKHDUF
IRUDJLYHQSHULRGRIWLPH

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
&DOFXODWLRQRIWKH*OREDO$FFHVLELOLW\0HGLDQ
$QDO\]HG IURPWKHYHFWRURIDYHUDJH WUDYHO WLPH7YLZKLFKUHSUHVHQWV WKHDYHUDJH WLPHRI WULSV IURP
QRGHLWRRWKHUQRGHVRQWKHQHWZRUN7KLVDFFHVVLELOLW\LQGLFDWRUWHQGVWRSURPRWHSRLQWVORFDWHGWRZDUGV
WKH FHQWHU RI D QHWZRUN EHFDXVH WUDYHO WLPH IURP WKHVH QRGHV WR RWKHU QRGHV LV VKRUWHU GXH WR WKHLU
JHRJUDSKLFDOORFDWLRQ$QDOJRULWKPRIWKH*,6ZDVXVHGDOORZLQJIRUWKHFDOFXODWLRQRIORZHUUHVLVWDQFH
VKRUWHVWSDWKEHWZHHQDVSHFLILFQRGHDQGRWKHUQRGHVLQWKHQHWZRUNGHYHORSLQJDXQLPRGDOUHVLVWDQFH
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PDWUL[7KURXJKWKLVPDWUL[DQGNQRZLQJWKHDYHUDJHRSHUDWLRQDOVSHHGRIHDFKWKHPDWUL[RIPLQLPXP
WUDYHOWLPHDYHUDJHZKLFKPLQLPL]HVWUDYHOWLPHEHWZHHQDOOQRGHVRIWKHQHWZRUNZDVGHWHUPLQHG
.QRZLQJ WKHDYHUDJHRSHUDWLRQDO VSHHGRIHDFKDUFK WKHPDWUL[RIPLQLPXP WUDYHO WLPHDYHUDJHVZDV
GHYHORSHG6XFKPRGHOPLQLPL]HVWKHDYHUDJHWUDYHOWLPHEHWZHHQHDFKDQGHYHU\RQHRIWKHQRGHVWKDW
PDNH XS WKH QHWZRUN FRQFHUQHG 2QFH WKH PLQLPXP DYHUDJHV RI WUDYHO ZHUH GHWHUPLQHG WKH YHFWRU
DYHUDJHWULSWLPH7YL(FZDVREWDLQHG:KHUH7YL PLQLPXPDYHUDJHWUDYHOWLPHEHWZHHQQRGHLDQG
WKH RWKHU QRGHV LQ WKH QHWZRUN WYL   PLQLPXP WULS WLPH EHWZHHQ QRGH L DQG WKH RWKHU QRGHV LQ WKH
QHWZRUNQ QXPEHURIQRGHVLQWKHQHWZRUN

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
7KH DYHUDJH UHWULHYHG WUDYHO WLPH YHFWRU Q [  LV DVVRFLDWHG ZLWK WKH JHRJUDSKLFDO FRRUGLQDWHV
ORQJLWXGHDQGODWLWXGHRIHDFKRIWKHQRGHVRDVWRGHYHORSDPDWUL[RIRUGHUQ[ZKLFKJHQHUDWHVWKH
LVRFKURQRXVFXUYHVRIDYHUDJH WUDYHO WLPHV IRU WKHDQDO\VLVRI*OREDO0HGLDDFFHVVLELOLW\7KHRUGLQDU\
.ULJLQJ0HWKRGZDVXWLOL]HGZLWKOLQHDUVHPLYDULRJUDPVDVDWLPHSUHGLFWLRQSURWRW\SHIRUDYHUDJHWULSV
6L[DQDO\VLVVFHQDULRVZHUHGHILQHGWKHILUVWDYHUDJHWLPHRIFRPPXWDWLRQLQWHUPVRI0HGLD*OREDO
$FFHVVLELOLW\IRUWKHZKROHV\VWHPLHLQFOXGLQJWKHDYHUDJHRSHUDWLRQDOVSHHGVRIDOOWUDQVSRUWPRGHV
WKHRWKHUILYHVFHQDULRVDUHWKHDYHUDJHWLPHVRIFRPPXWLQJLQWHUPVRI*OREDO0HGLD$FFHVVLELOLW\
IRUHDFKRIWKHLQYHVWLJDWHGW\SHVRIWUDQVSRUWFDUWD[LPRWRUF\FOHWUXFNDQG837
&RYHUDJH$QDO\VLV
$FFRUGLQJWRGDWDSURYLGHGE\ORFDODXWKRULWLHVWKHXUEDQDUHDRIWKHFLW\RI0DQL]DOHVFRPSULVHV
.LP 7KH FLW\ KDV D SRSXODWLRQ RI  LQKDELWDQWV \HDU ZLWK  KRXVHKROGV XQLWV 7KH
LQIRUPDWLRQRQSRSXODWLRQDQGQXPEHURIKRXVLQJDUHDVZDVGLYLGHG LQWR WKHGLVWULFWV WKDWPDNHXS
WKHFLW\7KURXJKWKHXVHRI*,6WKHDYHUDJHFRPPXWDWLRQWLPHFXUYHVZLWKFRUUHVSRQGLQJGHPRJUDSKLF
LQIRUPDWLRQZHUHREWDLQHGIRUHDFKPRGHRIWUDQVSRUW7KLVDOORZHGWKHFDOFXODWLRQRIZKDWSHUFHQWDJHRI
WKHSRSXODWLRQDUHDDQGQXPEHURIKRPHVZDVFRYHUHGE\DVSHFLILFLVRFKURQRXVFXUYH6LPLODUFRYHUDJH
DSSOLFDWLRQVRFFXUUHGLQRWKHUFRQWH[WV6WUDDWHPHLHU

0DLQ5HVXOWV
7KHWKURXJKVWUHHWVWUXFWXUHRI0DQL]DOHVLV.PORQJLVGLYLGHGLQWRWKHIROORZLQJPDQQHU
SULQFLSDO  VHFRQGDU\  FRPPXWLQJ  ORFDO  SHGHVWULDQ DQG  VHPL SHGHVWULDQ 7KH
DYHUDJH RSHUDWLQJ VSHHG GHWHUPLQHG E\ WKH ORQJLWXGH RI HDFK FDWHJRU\ VKRZHG D GLUHFW UHODWLRQVKLS
EHWZHHQ WKHFDWHJRU\RI WKHURXWHDQG WKHRSHUDWLRQDOVSHHG)RUSULQFLSDOV.PK IRUVHFRQGDU\
.PKIRUFRPPXWLQJ.PKIRUORFDO.PKDQGIRUVHPLSHGHVWULDQV.PK,WLVVKRZHGWKDW
WKHVHVSHHGIDFWRUVDUHEDVHGRQDFWXDOGDWDPRQLWRULQJ)RUDQDO\VLVRIDFFHVVLELOLW\DSHGHVWULDQ¶VWUDYHO
VSHHGRI.PKZDVDVVXPHG
7KHDYHUDJH WUDYHO WLPHFXUYHVREWDLQHG IRU WKH V\VWHPFDOFXODWHGZLWK WKHDYHUDJHRIDOOPRGHVRI
WUDQVSRUWDWLRQRSHUDWLQJ VSHHGV FDQEH VHHQ LQ)LJXUH ,WZDV IRXQG WKDW WKH FLW\ LV FRYHUHGEHWZHHQ
LVRFKURQRXVFXUYHVRIWRPLQXWHVVKRZLQJWKDWLWLVSRVVLEOHWRWUDYHUVHWKHFLW\IURPRQHHQGWRWKH
RWKHULQDOLWWOHPRUHWKDQRQHKRXUDW WKHLQGLYLGXDODYHUDJHVSHHGSURSHURIDOOWKHWUDQVSRUWPRGHV,Q
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WKHVDPHZD\DIXUWKHUH[SDQVLRQFDQEHVHHQLQWKHGLUHFWLRQDOFXUYHV:HVW±(DVWDVZHOODVLQWKH1RUWK
6RXWKSRLQWLQJRXWWKDWLQWKLVODVWGLUHFWLRQDFFHVVLELOLW\FRQGLWLRQVDUHPRUHOLPLWHGFRQVLVWHQWZLWK
WKH WRSRJUDSKLFUHDOLW\RI WKHFLW\(DFK WUDQVSRUWPRGHZDVVWXGLHG LQGLYLGXDOO\REWDLQLQJ WKHDYHUDJH
WUDYHOWLPHFXUYHVIRUHDFKRQH


)LJ$YHUDJHWUDYHOWLPH&XUYHVIRUWKHV\VWHPLQWKHFLW\RI0DQL]DOHV±&%'6HFWRU

/LQNLQJ WKH LVRFKURQRXV FXUYHV REWDLQHG IRU HDFK VWXGLHG VFHQDULR DQG ZLWK FLW\ GHPRJUDSKLF
LQIRUPDWLRQ GLVWULEXWLRQ SHUFHQWXDO FXUYHV RI IUHTXHQF\ IRU WKH YDULDEOHV RI SRSXODWLRQ DQG QXPEHU RI
KRPHV ZHUH DOVR REWDLQHG )LJXUH  VKRZV UHVSHFWLYHO\ WKH SHUFHQWDJH RI FXPXODWLYH DUHD D WKH
SHUFHQWDJHRIFXPXODWLYHSRSXODWLRQEDQGWKHSHUFHQWDJHRIWKHQXPEHURIKRPHVRQWKHLVRFKURQRXV
FXUYH *UHDWHU VORSH FXUYHV HQFRPSDVV ORZHU WUDYHO WLPH SHUFHQWDJHV RI DYHUDJH VSHFLILF YDULDEOHV
&RPSDULQJWKHSHUFHQWXDOFXUYHVRIIUHTXHQF\IRUWKHDUHDDQGSRSXODWLRQYDULDEOHVLWLVIRXQGWKDWWKHUH
H[LVWV D JUHDWHU FRYHUDJH RI SRSXODWLRQ LQ WKH XUEDQ DUHD EDVHG RQ WKH DYHUDJH WUDYHO WLPH ZKLFK LV
GLUHFWO\UHODWHGWRSRSXODWLRQGHQVLW\

D E

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F

)LJDRIDFFXPXODWHGDUHDFRYHUHGERIFXPXODWLYHSRSXODWLRQFRYHUHGFRIFXPXODWLYHQXPEHURIKRPHV
FRYHUHG

,W LV GHWHUPLQHG  WKDW WD[L DQG PRWRUF\FOH PRGHV VKRZ ORZHU DYHUDJH WUDYHO WLPHV IRU WKH VDPH
SHUFHQWDJH RI FRYHUDJH WKDQ RWKHU PRGHV RI WUDQVSRUW LQGLFDWLQJ WKDW WKHVH WZR PRGHV DUH WKH PRVW
HIIHFWLYH LQ WHUPVRI0HGLD*OREDO DFFHVVLELOLW\ JLYHQ WKH FRQILJXUDWLRQRI WKH H[LVWLQJ VWUHHW QHWZRUN
(YDOXDWLQJ WKH FXUYHREWDLQHG IRU WKH V\VWHP LW LV SRVVLEOH WRGHWHUPLQH WKDW RI WKHSRSXODWLRQ LV
FRYHUHGZLWKDYHUDJHWULSWLPHVRIXSWRPLQXWHVZKLOHRIWKHXUEDQDUHDDQGZRXOGEHFRYHUHG
E\DYHUDJHWULSWLPHVRIXSWRPLQXWHV
)LJXUHVKRZVWKHSHUFHQWDJHVRIFRYHUDJHRIWKHVWXGLHGYDULDEOHVIRUDQDYHUDJHWUDYHOWLPHRI
PLQXWHVDDQGPLQXWHVEUHVSHFWLYHO\)RUPLQXWHVRIDYHUDJHWUDYHOWLPHWKHWD[LPRGHFRYHUV
RIWKHXUEDQDUHDRIWKHSRSXODWLRQDQGRIWKHQXPEHURIXUEDQKRPHVZKLOHRWKHUPRGHV
RIWUDQVSRUWLQYROYHVPDOOHUSHUFHQWDJHVRIFRYHUDJH,WLVREYLRXVWKDWSXEOLFWUDQVSRUWZDVQRWLQFOXGHG
DPRQJ YDULDEOHV IRU WKH DYHUDJH WUDYHO WLPH :KLOH WKH DXWR PRGH UHIHUV OHVV IDYRUDEOH DFFHVVLELOLW\
FRQGLWLRQV WKDQ WD[L DQGPRWRUF\FOHPRGHV LW DFFRXQWV IRUPRUH WKDQ  RI WKH YDULDEOH SRSXODWLRQ
FRYHUDJHDQGQXPEHURIKRPHVDVZHOODVRIWKHYDULDEOHDUHDYDOXHVHYHQKLJKHUDVVHVVPHQWVWKDQ
WKRVHREWDLQHGIRUWKHDQDO\VLVRIWKHRYHUDOOV\VWHP
7KHSHUFHQWDJHVRIDUHDFRYHUDJHSRSXODWLRQDQGWKHQXPEHURIKRPHVIRUDPLQXWHVDYHUDJHWUDYHO
WLPHDUHVXSHULRU WRIRUDOOV\VWHP WUDQVSRUWPRGHVRI WKH V\VWHPH[FHSW IRU WKH837 LQZKLFK
VXFK SHUFHQWDJHV UHDFK  RI WKH DUHD  RI WKH SRSXODWLRQ DQG  RI WKH QXPEHU RI FRYHUHG
KRPHVKHQFHKLJKOLJKWLQJLWVGLVDGYDQWDJHLQWHUPVRIRYHUDOODFFHVVLELOLW\ZLWKUHVSHFWWRRWKHUPRGHV
RI WUDQVSRUWDWLRQ DYHUDJHV ,W FDQ EH VHHQ WKDW WKH YDULDEOH QXPEHU RI KRPH XQLWV KDYH D YHU\ VLPLODU
EHKDYLRULQWHUPVRIFRYHUDJHWRWKDWRIWKHYDULDEOHSRSXODWLRQ
,QRUGHUWRHPSKDVL]HWKHGLIIHUHQFHEHWZHHQPRELOL]DWLRQE\837RUE\FDUWKHYHFWRUJUDGLHQWRIWKH
DYHUDJHWLPHZDVHVWLPDWHGDVDQDYHUDJHIRUWKHPRGLILHGWUDYHOWLPH7KHYHFWRUJUDGLHQWUHFRXQWVWKH
DYHUDJHWULSWLPHRQ837DQGE\FDUZKHUHWKHUHVXOWLQJYDOXHLQGLFDWHVZKDWSHUFHQWDJHRIWLPHPXVWEH
VSHQWLQ837ZLWKUHVSHFWWRWLPHLQWKHDXWRPRGH7KHORZHVWUDWLRIRXQGZDVDQGWKHKLJKHVWZDV
7KHDIRUHVDLGLQGLFDWHVWKDWWKHXVHRIWKHSXEOLFWUDQVSRUWPRGHUHSUHVHQWVDWOHDVWPRUHDYHUDJH
WUDYHO WLPH WKDQ WKDWVSHQW LQDFDU ,Q WKHVDPHPDQQHUSHULSKHUDODUHDVRI WKHFLW\ZHUHDOVRVDPSOHG
ZKHUHPRUHRIWKHDYHUDJHWUDYHOWLPHPXVWEHVSHQW

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
)LJDFRYHUDJHIRUPLQXWHVEFRYHUDJHIRUPLQXWHV

)LJXUH  VKRZV DQ DQDO\VLV RI WKH DFFXPXODWHG SHUFHQWDJH FRYHUHG E\ WKH WKUHH YDULDEOHV DUHD
SRSXODWLRQ DQG QXPEHU RI KRPHV ZLWK UHVSHFW WR WKH SHUFHQWDJH RI DYHUDJH WUDYHO WLPH WKDW PXVW EH
HPSOR\HGXWLOL]LQJFDURUSXEOLFWUDQVSRUW,WZDVGHWHUPLQHGWKDWRIWKHWKUHHYDULDEOHVUHSUHVHQW
WKHQHFHVVLW\RIVSHQGLQJXS WRPRUHRIDYHUDJH WUDYHO WLPH LI837ZHUHHPSOR\HG OLNHZLVH LW LV
HYLGHQW WKDW DSSUR[LPDWHO\  RI WKH SRSXODWLRQ PXVW VSHQG WZLFH WKH DYHUDJH WUDYHO WLPH LI WKH
PRELOL]DWLRQZHUHGRQHRQ837LQVWHDGRIDXWR7KHODWWHUYDOXHVDUHFRQVLGHUHGKLJKIRUDSRSXODWLRQRI
WKH FKDUDFWHULVWLFV RI 0DQL]DOHV ZKLFK GHPRQVWUDWHV WKH JUHDW GLIIHUHQFH RI PRELOL]DWLRQ JLYHQ WKH
RSHUDWLRQDODQGSK\VLFDOFKDUDFWHULVWLFVRIHDFKPRGHRIWUDQVSRUW



)LJ3HUFHQWDJHFRYHUDJH&RPSDULVRQRIUHYLVHGYDULDEOHVDQDO\]HGZLWKUHJDUGWRWKHSHUFHQWDJHRIWLPHWKDWVKRXOGEHVSHQW
RQSXEOLFWUDQVSRUWFRPSDUHGZLWKWKH$XWRPRGH
&RQFOXVLRQV
7KH FLW\ RI 0DQL]DOHV LV HQFORVHG DPLG LVRFKURQRXV FXUYHV RI  WR  PLQXWHV ZKLFK GLYHUJH
DFFRUGLQJWRWKHPRGHRIWUDQVSRUWXVHGIRUWKHW\SHVRIWUDQVSRUWIRUWKHRYHUDOOV\VWHP7KHH[SDQVLRQV
RI WKH LVRFKURQRXV FXUYHV DUH RXWVWDQGLQJ LQ WKH :HVW  (DVW GLUHFWLRQ WRZDUGV WKH QHZ HFRQRPLF
GHYHORSPHQWDUHDVRIWKHFLW\QRWVRIRUWKH1RUWK±6RXWKGLUHFWLRQ7KHFXUYHVRSHQRXWDORQJWKH:HVW
(DVWVWUHHWFRUULGRUIROORZLQJWKHULGJHRIWKHPRXQWDLQRQZKLFKWKHFLW\OLHV7KHDFFHVVLELOLW\DQDO\VLV
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LGHQWLILHVWKHLQIOXHQFHJHQHUDWHGE\WKHSULQFLSDOVWUHHWFRUULGRUVRIWKHFLW\DQGLWVXUEDQDUHDVDVZHOO
WKURXJKRXW WKH DYHUDJH WUDYHO SKDVHV FRQVLGHULQJ WKDW WKH RSHUDWLRQDO FKDUDFWHULVWLFV RI YHKLFOH IORZV
VKRZHYLGHQFHRIIXQFWLRQDOGHILFLHQFLHV
$WWKHPRPHQWWKHPHWKRGWKDWRIIHUVRSWLPDOVXLWDELOLW\RIWUDQVSRUWIRU0DQL]DOHVGXHWRWKHVSHFLDO
SK\VLFDO DQGRSHUDWLYH FKDUDFWHULVWLFV RI WKH VWUHHW QHWZRUN LV WKH WD[L IROORZHGE\ WKHPRWRUF\FOH FDU
WUXFNDQG837 LQ WKDWRUGHU7KHDWWDLQHGDFFHVVLELOLW\ UHVXOWVGHPRQVWUDWHV WKDW WKHUHUHDOO\ LVD VRFLDO
GLVSDULW\ZLWK UHVSHFW WR WKH LQKDELWDQWCVPRELOLW\ SRVVLELOLWLHV EHFDXVH WKHPRVWZLGHO\ XVHGPHDQV RI
WUDQVSRUW LV  WKHPRVW LQDGHTXDWH GXH WR WKH FKDUDFWHULVWLFV RI WKH DYHUDJH WUDYHO WLPH %DVHG RQ VXFK
DVVXPSWLRQLWLVQHFHVVDU\WRHVWDEOLVKSROLFLHVIRUWKH837SURYLGLQJEHWWHUPRELOLW\FRQGLWLRQVIRUORZ
LQFRPHSRSXODWLRQZKLFKXQIRUWXQDWHO\KDVWRXVHWKLVPRGH
7KURXJKWKHPHWKRGRORJ\XVHGLQWKLVLQYHVWLJDWLRQDWKRURXJKDFWXDOL]DWLRQRIWKHQHWZRUNLQIUDVWUXFWXUH
RI WKHFLW\RI0DQL]DOHVZDV IHDVLEOHGHPRQVWUDWLQJ WKHKXJHDGYDQWDJHVRIFRPELQLQJ WKHXVHRI*,6
VDWHOOLWH PRQLWRULQJ WHFKQRORJLHV *36 ,W VKRZHG WKDW UHDO RSHUDWLQJ VSHHG GDWD ZDV DSSOLHG IRU
FDOFXODWLQJ WKH LVRFKURQRXVFXUYHFRQWUDU\ WR WKDW XVHG LQ WKHYDVWPDMRULW\RIDFFHVVLELOLW\DQDO\VLV ,W
ZDVIRXQGWKDWRSHUDWLRQDOVSHHGVDUHIDVWHUIRUWKHSULQFLSDOVWUHHWVWKDQIRUORZFDWHJRU\RQHVLHWKHUH
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